In this paper fuzzy version of secant method has been introduced to obtain approximate solutions of a fuzzy non-linear equation. Graphical representations of the approximate solutions have also been shown. The idea of converging to the root to the desired degree of accuracy, which is the optimum solution, of a fuzzy non-linear equation has been focused.
Introduction
Non-linear equations have played an important role to develop mathematical modeling in different discipline, such as, in engineering, mathematics etc. Numerical approximation methods are usually needed in solving the non-linear equations of the form f (x) = 0, because it is not always possible to get the exact solutions of equations. On the other hand, the parameters of a non-linear equation are not always represented by crisp numbers, but also by fuzzy numbers. A non-linear equation over linear fuzzy real numbers is called a fuzzy non-linear equation, that is, an equation of the form f( x ) = 0 is called a fuzzy non-linear equation of fuzzy variable. Triangular fuzzy numbers and trapezoidal fuzzy numbers are called the linear fuzzy real numbers. In this paper triangular fuzzy numbers are used as linear fuzzy real numbers.
Different methods have been used in solving fuzzy non-linear equations [6, 8, 9] . In [3] secant method has been used to solve the same in which the coefficients are fuzzy numbers, but the variables are not fuzzy numbers. In this paper fuzzy version of secant method has been introduced to solve a fuzzy non-linear equation where the coefficients and the variables are fuzzy numbers. Therefore, the limitation of [3] has been overcome by introducing this new method. Three examples have also been discussed and the approximate solutions, which are LFRNs, computed from each iteration, are shown in a tabular form. The graphical representations of approximate solutions are depicted to achieve the idea of converging to the root, an optimum solution, of the FNLE.
Some related definitions and some operations on linear fuzzy real numbers [2, [5] [6] [7] [8] [9] , which will be used later on to obtain a solution of fuzzy nonlinear equation to any desired degree of accuracy, has been given in the following section.
Preliminaries
In this section some definitions have been discussed that are important for representing our main objective in the later sections. and  2 = (a 2 , b 2 , c 2 ), we define addition, subtraction, multiplication and division by 1.
Here f is an extension of the function f. 
The Fuzzy Version of Secant Method to Solve Fuzzy Non-Linear Equation
In this section, we are going to discuss how to solve fuzzy non-linear equations in LF  . Solving fuzzy non-linear equations over LF  of the form   0 x f   is possible with a modification of Newton's method over linear fuzzy real numbers. The classical form of Newton's method has been discussed in [1, 10] . The formula of fuzzified form of Newton's method is given below [6] :
This method is required an initial approximation in
, ,
From formula (1) it is clear that Newton's method requires the evaluation of derivatives of the function. Sometimes it is not possible of computing the derivative, particularly in the case of functions arising in practical problems. Classical form of computing the derivative of a function at any point is used in the Secant method [10] . The fuzzified form of the derivative at ) (n x  is approximated by the formula
Thus, the equation (1) reduces to
The new formula, shown in (3) 
Then successive approximations of the solution using fuzzy version of Secant method are 
Algorithm of Fuzzy Version of Secant Method
Two initial approximations
, , 
, , Step-1: Set i = 0.
Step-2: While i n  do steps 3 -6.
Step-3: Set
Step-4: If
(The procedure was successful.) STOP.
Step-5: Set 1 ii 
Step-6:
Step-7: OUTPUT. ("The method failed after n iteration.");
(The procedure is unsuccessful after n iteration.)
STOP. 
Using initial approximations ( 1) (1, 2, 3) Table 2 : 
Using initial approximations ( 1) (0.25, 0.5, 0.75) Thus at iteration 6, (6) ( 1.5207466, 0.5671432909, 3.8945292)
x    is the final approximation which is correct up to 9 places of decimal.
Conclusion
In this paper a new approach named fuzzy version of Secant method has been introduced in order to solve a fuzzy non-linear equation (FNLE). By using the new approach, three fuzzy non-linear equations (FNLE) have been solved and obtained solutions of the FNLEs to the desired degree of accuracy which are the optimum solutions of the given equations. We have also represented the approximate solutions of the FNLE graphically so that one can achieve the idea of convergence of approximate solutions to the root to the required accuracy.
